In order to investigate cecal coccidiosis in broilers fed
INTRODUCTION
In modern poultry farming conditions cecal coccidiosis of broilers is one of the most frequent parasitic diseases and an important medical and economic problem (Daszak, 1999 , Calnek, 1997 , Jordan, 1990 .
Cecal coccidiosis prophylaxis is achieved by producing animals immune to the disease, by vaccination, by applying general hygienic measures, proper nutrition, using modern technology in production and adding anticoccidial agents to the mixed feed. Nowdays, a large number of anticoccidial agents of different chemical composition is available, among which ionophores (polyether antibiotics) are the most efficient and most commonly used.
Salinomycin-Na, an ionophore frequently used to prevent coccidiosis, is active during the period of asexual development i.e. schizogony and kills merozoites (Long and Jeffers, 1982) . In order to obtain complete efficacy, the medication must be used homogenously mixed into the feed, from the first day of life of the broilers and continually during the fattening period (Melhorn et al. 1983) .
At the same time, in order to prevent certain types of mycotoxicosis, improve health conditions as well as obtain better production results, notable success has been obtained in recent years by adding natural minerals of the zeolite type to the complete mixed feed. Of all the known zeolite minerals, the most widely applied is modified clinoptilolite, wich has a high affinity and level of adsorbance towards certain mycotoxins, ammonia, potassium, heavy metals and radioactive elements (Rodrigues et al. 1997) .
Considering the importance of cecal coccidiosis in modern poultry farming and the frequent use of zeolites and polyether antibiotics (ionophores) in mixed feed, we considered it neccesary to investigate this disease in conditions with and without zeolite in the mixed diet. A spectrophotometric method in vitro was first used to determine if and how much zeolite absorbs the anticoccidial salinomycinNa from the feed, in conditions similar to those in the digestive tract of poultry, followed by an investigation in vivo.
MATERIALS AND METHODS
The first experiment was set up in vitro and its aim was to determine the degree of adsorption of the applied anticoccidial by zeolite. A "model system" was prepared by adding 5g of zeolite to 1kg of broiler feed (0.5%) into which a preventive dose of anticoccidial salinomycin-Na 60mg/kg was previously mixed. By adding the standard buffer (pH=3) the electrochemical reaction of the surroundings was adjusted to the value characteristic for gastric juice of poultry.
The concentration of "unbound" salinomycin-Na (in solution) was determined by a spectrophotometric method based on the original analytic method of the producers of the salinomycin based preparation (Hoechst, Germany, number 5/1989), using a spectrophotometer (SPEKOL 21 MA 9521), for measurement of the color intensity formed in the reaction of salinomycin-Na with vanillin at 520 nm (Konstadinovi}, 1998) .
For the second experiment in vivo a total of 100 one-day-old "Hybro" provenience broilers were used. The broilers were kept in metal cages with a wire flooring of standard dimensions, and animal hygiene was in complete accordance with the technological normative (Euribrid, 1989) . The broilers were fed a complete mixed feed for broiler fattening -BS, of standard raw material and chemical content, which completely met the needs of this category (NRC, 1993), with a salinomycin-Na supplement.
This consisted of 60 ppm of anticoccidiosis Sacox® (Hoechst) which contained, as the active substance, 120g salinomycin-sodium per kg.
The zeolite supplement was a modified clinoptilolite from Zlatokop, Vranjska Banja. The supplement was ground to a particle size less than 10 mm for 75% of the sample. The cation change capacity of the applied zeolite is shown in Table 1 . The chemical composition of the modified clinoptilite was determined using an ARL 900 spectrometer and is shown in Table 2 . The chicks were divided into two groups, with 50 birds in each group. The diet for group I included zeolite added (0.5%) whereas the broilers in group II received no zeolite.
After a preparation period of 14 days, the broilers in each group were divided into two subgroups of 10 and 40 animals (a and b). Subgroups Ia and IIa were the control uninfected groups, while the broilers in subgroups Ib and IIb were inoculated with E. tenella culture at 14 days old using a plastic probe placed directly into the crop. 2ml of inoculant containing 4x10 5 of sporulated oocysts of E.tenella was administered to each bird.
Starting at 2 days after infection, six of these infected animals from each treatment were sacrificed each day until day 7, that is at 16 to 21 days of the experiment. Immediately after sacrifice an autopsy was performed as well as a detailed pathoanatomical examination. In the shortest possible time, cecum tissue samples were taken for pathohistological examination. The samples were fixed in 10% formalin and molded by a standard technique in paraffin. Sections of the tissue samples, 5-8 mm, were stained with hematoxylin-eosin (HE).
On the seventh day after infection fecal samples were taken from animals in subgroups Ib and IIb and examined using a standard concentration technique. The number of parasite elements per gram of feces was determined using the McMaster method (Dimitrijevi}, 1999) .
RESULTS
In Table 3 the results of the in vitro experiments to determine the adsorption of salinomycin-Na to the surface of the zeolite in a model system depending are given. Table 3 shows a very high level of adsorption of salinomycin-Na by zeolite at the moment of contact (83.2%). Moreover, the adsorption level increased with time of exposure, so that at 120 minutes it reached 96%.
In Table 4 the time course of appearance of pathoanatomical changes after infection of the chicks with E. tenella is shown. In subgroup IIb the pathoanatomical findings were mostly negative, except for enlargement of the cecal tonsils and bursa Fabricii, as well as late minor changes in the ceca. However, in subgroup Ib there was disturbance of health with clinical signs of illness and the pathoanatomical findings indicated the typical characteristics of cecal coccidiosis. Especially significant was the finding of developmental forms of E.tenella on certain days after infection (Table 5) . Namely, in animals in subgroup IIb a slight level of infection was detected and a considerably smaller number of developmental forms of E. tenella, than in animals in subgroup Ib. The coprological examination of fresh feces on the seventh day after infection, showed that the number of oocysts per gram of feces (OPG) for animals in subgroup Ib, was 25,000, but only 1,500 for animals in subgroup IIb. DISCUSSION It is known that natural zeolites, because of their high adsorption capacity, large free volume and specific surface, show great ability to binding low concentrations of various materials (Flanigen 1983) . Considering that the salinomycin-Na molecule is very large, that its molecular weight is 772 and that it has a great number of double bonds, the adsorption of salinomycin-Na by zeolite is to be expected. The results of our experiments showed that salinomycin-Na adsorption by zeolite was between 83.2 and 96 %, and occured immediately after contact with the zeolite, so that the concentration of salinomycin-Na in solution did not alter much during the observed time interval.
Pathoanatomical and pathohistological changes due to E. tenella infection in the animals in subgroup Ib, which were given both salinomycin-Na and zeolite in their food, were of stronger intensity than the changes observed determined in animals in subgroup IIb, which were fed the anticoccidial salinomycin-Na alone. The results of both experiments indicate that salinomycin-Na was bound by zeolite in the animals in group I, after which there was a smaller amount of anticoccidial available, that was not able to provide the desired level of protection. Thus, coprological examination, showed a great difference in the number of E.tenella oocysts present in feces of animals between subgroups Ib and IIb.
Even with natural zeolite (modified clinoptilolite) sorbent phenomena inevitably occur, which was confirmed on an artificial ion-exchange resin with streptomycin, polymyxin, erythromycin, canamicin, gentamicin, ampicillin, cephalexin and others (Savickaja et al., 1981) . It is also true that natural zeolites are very effective ion-changing sorbents (Minato and Tamura, 1978) , because of which we cannot dismiss the possibility that in certain conditions adsorption of antibiotics occurs. Until desorption, a "bonded" antibiotic can be partially or completely biologically inactive. Our assumption that zeolite bonds salinomycin-Na, thus reducing its available dosage, supports the data of Danforth et al. (1977) , that low doses of salinomycin-Na do not provide adequate protection against coccidiosis.
Due to the complexity of the mechanisms and the kinetics of adsorption and desorption reactions, especially regarding natural sorbents, which contain various different additives, and particularly when medicine is given simultaneously with the feed, this problem demands further more comprehensive research.
